Materials and Methods

Expression and Purification of Methanosarcina acetivorans ModBC
The genes encoding MaModB and MaModC were amplified from the ModABC operon of Methanosarcina acetivorans C2A (ATCC 35395) genomic DNA by polymerase chain reaction.
They were cloned into a modified pet19b (Novagen) expression plasmid with a N-terminal decahistidine affinity tag fused to ModB. MaModBC was overexpressed in Escherichia coli BL21-CodonPlus(DE3)-RIPL (Stratagene) cells in 2 liter baffled flasks by auto-induction (S1). Cells were grown at 37º C in Terrific Broth medium supplemented with 1% (w/v) glycerol and 2mM MgSO 4 to an optical density (A 600 ) of 0.3. The temperature was then shifted to 25º C and cultures were shaken for 20h. All following steps were performed at 4º C unless specified differently. Cells were harvested by centrifugation, resuspended in 50mM Tris-HCl pH 7.5, 500mM NaCl and disrupted in a M-110L microfluidizer (Microfluidics) at 15.000 psi external pressure. Membranes were pelleted by ultracentrifugation at 100.000x g for 40 min. MaModBC was solubilized in 50mM Tris-HCl pH 7.5, 500mM NaCl , 1% (w/v) n-dodecyl--D-maltopyranoside (DDM, Anatrace) and 1% (w/v) octaethylene glycol monododecyl ether (C 12 E 8 Anapoe, Anatrace) for 1 hour. All subsequent buffers contained only DDM as detergent. The supernatant was supplemented with 25 mM imidazole and loaded onto a NiNTA superflow affinity column (Qiagen), washed with 60 mM imidazole and MaModBC was eluted with 160 mM imidazole. The protein was desalted into 10 mM Tris-HCl pH 7.5, 500 mM NaCl, 0.5 mM EDTA, supplemented with 0.3 mM Na 2 WO 4 and concentrated to 11-13 mg/ml in an Amicon Ultra-15 concentrator (Millipore) with a molecular weight cut off of 100 kDa.
Crystallization and structure determination
MaModBC was crystallized by vapor diffusion in sitting drops at 20º C against a reservoir of 200 mM magnesium formate, 50 mM Tris-HCl pH 8.0 and 18% (w/v) polyethylene glycol 3350. The protein to reservoir volume ratio in the sitting drop was 2:1 and crystals typically appeared after four days and matured to full size within two weeks. They belonged to the space group P2 1 2 1 2 1 with one full transporter in the asymmetric unit. Crystals were flash-frozen by immersion in liquid nitrogen, and diffraction data were collected at the protein crystallography beamline X06SA at the Swiss Light Source (SLS) and processed using XDS (S2).
Crystallographic computing was largely done with programs from the CCP4 suite (S3). Initial phases were obtained from crystal 1 (Table S1 ) by collecting a three-wavelength MAD data set around the tungsten edge and using SHELX and hkl2map (S4, S5) to find the tungsten position.
These were refined using SHARP (S6), which provided good phases to 3.5 Å resolution. Data from crystal 2 was collected at a high remote wavelenght only to obtain the highest resolution and high redundancy. The data proved to be anisotropic ( Fig. S1 ) and was truncated at 3.0, 3.3, and 3.5 Å, respectively, in the three reciprocal space directions c*, a*, and b*. At the same time, an anisotropic B-factor correction was applied to the data as described (S7). The phases from crystal 1 were then combined with the amplitudes of crystal 2, and phase extension and improvement was perfomed using DM (S3) by solvent flattening (76.4 % solvent content) combined with two-fold noncrystallographic symmetry averaging. The resulting experimental electron density map was of high quality ( Fig S2) . Except for few terminal residues, a model of the entire protein was built in O (S8) and refinement was performed using CNS v. 1.2 (S9) ( Table S1 ). Figures were made with Pymol (http://pymol.sourceforge.net/) or DINO (http://www.dino3d.org/).
Production of site-specific MaModBC mutants
Mutations of residues contributing to the oxyanion binding pocket in the regulatory domain of MaModC were generated using the QuickChange (Stratagene) strategy and were verified by DNA sequencing. Expression and purification was carried out as for wild type, and the integrity of the transporter was assessed using analytical gel filtration chromatography (Superdex 10-300 column, GE Healthcare) and SDS PAGE.
Measurement of ATPase activity
ATP hydrolysis activity of MaModBC was assayed at various conditions either in detergent solution and at room temperature or after reconstitution in proteoliposomes at 37° C. Proteoliposomes were produced from MaModBC concentrated to 5.6 mg/ml as described (S10, S11). For measurements in detergent, the protein was purified in DDM as described above. Buffers were exchanged by desalting. The reactions were set up using 10 mM MgCl 2 and 2 mM ATP and the concentration of the inorganic phosphate was determined as described (S12). Measuring the ATPase activity of AfModBC was as described (S13).
Cross-Linking Analysis
A cysteine was engineered into ModB from Archaeoglobus fulgidus at position 153 (S153C).
Mutant AfModBC was then purified as described (S13) in the presence of 5mM -Mercaptoethanol and analyzed for ATPase activity and by analytical gel filtration. For the cross-linking reaction the protein was diluted to 0.3 mg/ml and incubated at room temperature for 20 minutes in the presence of 2 mM ATP and 10 mM MgCl 2 . Vanadate trapping was achieved as described (S13). Disulfide bond formation was promoted by the addition of CuCl 2 at a molar ratio of 6:1 (Cu : ModBC). After 20 minutes incubation at room temperature the reaction was quenched with 1 mM N-ethylmaleimide for 30 minutes at 4°C. Samples were analyzed by SDS-PAGE in the absence of reducing reagents.
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F ) 104 Ramachandran analysis using Procheck 83.8% residues in most favorable region 16% residues in additional allowed region 0.2% residues in generously allowed region 0% residues in disallowed region Figure S1. Output from the anisotropy evaluation server. Based on the output, the aniostropic data from crystal 2 was cropped at 3.0, 3.3, and 3.5 Å resolution along the diffraction directions c*, a*, and b*, respectively. The data was also scaled anisotropically. 
